which shows some habituation with time on dialysis. Ambulatory monitoring has a role in evaluating perBackground. Hypertension in chronic haemodialysis patients contributes significantly to morbidity and mor-sistent poor blood pressure control in haemodialysis patients. tality. Treatment decisions are usually based on predialysis readings, which may not accurately reflect control during the interdialytic period.
Tm 2421(A&D) ambulatory monitor were used for Introduction BP measurements.
Results. Conventional sphygmomanometry and self
Hypertension in chronic haemodialysis (HD) patients measured automatic readings (Dinamap) were highly contributes significantly to their morbidity and mortalcorrelated (systolic r=0.93, P<0.001; diastolic r= ity. Epidemiological studies have consistently shown 0.90, P<0.001). Mean blood pressure on arrival that although treated, blood pressure (BP) frequently ((PreC 0 ) 158 mmHg systolic, 80 mmHg diastolic and remains inadequately controlled in a high proportion 106 mmHg mean) significantly overestimated the mean of HD patients [1, 2] . This is complicated by the high ambulatory reading during the 6 h prior to attendance morbidity of both over-and undertreatment [3, 4] and ((preAm 6h ) systolic 147 (P<0.01), diastolic 75 by factors peculiar to the HD situation itself. It is (P<0.01), mean 99 (P<0.01)). Fifteen patients (41%) difficult to define hypertension in dialysis. Which blood demonstrated a marked difference (>20/10 mmHg) pressure reading should be taken to signify hypertenbetween the PreC 0 and preAm 6h (white-coat effect) sion is more pertinent in dialysed individuals than in persisting in seven patients (19%) after a period of rest the general population because of their fluctuating 10 min predialysis (preC 10 ) and present even in selffluid status and other factors associated with the recorded Dinamap readings. There was a significant dialysis session. In the general hypertensive population negative relationship between the systolic rise and the it is known that the use of single readings as a reliable number of months on dialysis (P<0.05). Mean ambuindicator of the overall BP control is fraught with latory BP on interdialytic day 2 was significantly difficulty because of transient and persistent elevations greater than on day 1 whereas the awake-sleep of pressure in the clinical setting [5] . The variability differences were less on day 2 than day 1, both perhaps of casual readings in relation to the dialysis cycle reflecting differences in volume status. The 20 min confound management decisions and pose a dilemma post-dialysis measurement (PoC 20 ) for systolic, diawith regard to the optimum timing and method of stolic, and mean, unlike predialysis (PreC 0 and measurement of BP in this setting. Treatment decisions preC 10 ), onset (onC ) and end of dialysis readings are mostly based on predialysis readings. However the (enC ) did not differ significantly from 48 h interdiarelevance of these readings has been questioned and lytic means. studies have shown their tendency to overestimate true Conclusions. The best representation of interdialytic BP [6 ] . Epidemiological studies also suggest ambulatpressure was the 20-min post-dialysis reading. Walk-in ory BP control may be a better predictor of target predialysis pressures overestimate mean interdialytic organ damage [7] . We therefore investigated 40 ranpressures due to a high incidence of white-coat effect, domly selected patients undergoing haemodialysis without any alteration in medication or dialysis sched-measurements. The patient also recorded his/her own BP in and comparing casual readings during the dialysis the unit using an automated self-measurement Dinamap session with 48 h interdialytic ambulatory readings.
(Critikon) [9] , which downloaded the results directly into a software programme, blinded to the observer. Patients were well acquainted with the recording procedure, as it is a
Subjects and methods
routine protocol in the unit prior to each dialysis. All casual measurements were taken in the seated position with the arm
Patients
resting and a cuff size suitable for the arm circumference attached to the non-fistula-bearing upper arm. Forty randomly selected stable chronic stable HD patients Ambulatory monitoring was carried out using the Tm2421 attending our unit were studied. The patient characteristics A&D Engineering, Milpitas, CA blood pressure monitor. of the study group are shown in Table 1 . All patients received This has been validated and used for clinical and research high-flux bicarbonate dialysis three times per week using purposes [10] . BP was measured using cuff size comparable biocompatible polysulphone or polyacrylonitrile membranes. to the seated BP measurements on the non-fistula-bearing Dialysis was prescribed according to a urea kinetic model arm by a dual microphone system. This system used oscillo-[8] with mean dialysis duration 160±43 min. The study metric (O) and Korotkoff ( K ) methods programmed to cohort represented the average haemodialysis population in record BP every 30 min daytime and hourly at night-time the centre with respect to age, sex, dialysis duration, and (2200-0700 hours). Recorded data was retrieved, processed, blood pressure control. They achieved their dry weight and reported using a computer software programme; 74.6% without symptomatic hypotension or cramps and had accept-K readings and 95% O readings were successful. Accordingly, able stable interdialytic weight gains. Sixteen patients dialysed the O method readings were used for the main analysis. in the morning (1030-1200 h) and 24 patients in the afternoon (1230-1600 h). Nine (22%) were on no antihypertensive Definitions used medications, 55% were on mono-or dual therapy. Drugs used were ACE inhibitors (22 patients), calcium antagonists (14 patients) and beta blockers (3 patients). Antihypertensive Conceptual average BP Mean predialysis BP from last medications were not withheld on the day of dialysis and 10 visits for HD as recorded usually taken in the morning. Patients excluded were: (i) on the database. those on twice-weekly HD; (ii) those in atrial fibrillation; Systolic load % of all ambulatory readings (iii) those who had undergone hospital admission within the >140 mmHg [11] previous month; (iv) those in whom antihypertensive agents Diastolic load % of all ambulatory readings had been altered within the previous 2 weeks; and (v) those >90 mmHg [11] on early morning or evening dialysis shifts. Four patients Dippers >10% fall in the mean had taken off their ambulatory monitor a few hours before pressure during the night arriving in the unit and the results were not used in analysing (2200-0700) compared to the white-coat effect.
daytime BP on arrival for dialysis (PreC 0 ) was checked by the patients themselves using the Dinamap and then by a clinician using Kt/V, mean of delivered Kt/V measurements performed within the sphygmomanometer. The patient then rested in a quiet room 4 months prior to the study; KRU, residual renal function as urea for 10 min, after which BP measurement was repeated clearances (ml/min); AH drugs, no. of antihypertensive medications; (PreC 10 ) in a similar manner (by the patient using a Dinamap Epo, erythropoietin dosage; IDWG, interdialytic weight gain (kg); SD, standard deviation.
and by the clinician using sphygmomanometer). An ambulat- Assessing white-coat effect multiple regression analysis were used to explore relationships between variables (SPSS package). Bland-Altman analysis Blood pressure on arrival to the dialysis unit significwas used for comparison of methods [15] .
antly overestimated the ambulatory averages for 6 h before arrival by >20/10 mmHg (white-coat effect) in 15 of 36 (41%) patients who completed 48 h monitoring
Results
Figure 3. The mean rise in these patients was 25 mmHg systolic and 13 mmHg diastolic (P<0.01). This effect Ambulatory BP readings persisted in seven patients (19%) following a repeat measurement after 10 min rest (25.3 mmHg systolic The average systolic, diastolic and mean BP of all and 16 mmHg diastolic; P<0.01). The white-coat patients over a 48-h period were 140, 71 and 94 mmHg effect was observed consistently in both sphygmomanorespectively. The mean daytime and night-time values meter and Dinamap readings. In those demonstrating for systolic, diastolic and mean BP were significantly the effect the mean difference between clinician measdifferent ( Table 2) . Only eight patients (20%) were ured and self measured readings were 2 mmHg systolic dippers. This abnormal nocturnal pattern of BP has and 0.5 mmHg diastolic (P=n.s.). The white-coat effect been recognized in other studies and is typical of the was calculated by comparing casual readings on arrival hypertensive HD population [16 ] .
with the daytime average of readings taken 6 h prior to arrival for dialysis. During this period patients were Comparison of methods at their wettest and BP differences were less likely to Systolic and diastolic pressure measured by conven-reflect fluid gains. The reduction in mean (18 vs tional sphygmomanometry showed a highly significant 10 mmHg) and systolic BP (38 vs 14 mmHg) during correlation with the automatic self measured counter-dialysis in the group with white-coat effect was signiparts (systolic r=0.93; diastolic r=0.90, P<0.001). ficantly higher than in patients not demonstrating the Bland-Altman analysis showed an acceptable mean effect, showing that the effect was not sustained during difference of −1.8 mm (systolic) and 0.6 mm (diastolic) or after dialysis. Patients who demonstrated the whitewith limits of agreement (2 SE mean difference) of +6 coat effect had been on dialysis for fewer months and to −5 (diastolic) and 8 to −11 (systolic) mmHg from showed a higher awake-sleep difference (10.5 vs 3.2 the mean of the two methods ( Figure 1) . systolic; 5.8 vs 3.5 diastolic) in the interdialytic period (P<0.05 for systolic) when compared with those not Comparison of casual readings during dialysis cycle with demonstrating the effect. Daytime systolic readings ambulatory readings (Table 3) (139 vs 144 mmHg) and overall pressure load in this group were also slightly lower than the rest while the Predialysis readings significantly overestimated the mean weekly erythropoietin were slightly higher ambulatory averages. PreC 10 though significantly lower ( Table 4 ). The latter differences were not significant.
There was no significant difference in those showing Stepwise multiple regression analysis in those with white-coat effect, using systolic rise as the dependent Table 3. independent variables including age, sex, number of with day 1 (1.6 vs 7.5 mmHg systolic; P<0.05). to the longer duration of antihypertensive therapy. There is little data on the white-coat phenomenon
Discussion
in the dialysis population, though in a study on 13 normotensive HD patients [20] large differences were noted between the predialysis readings and interval The measurement of BP for clinical evaluation of the pressures just before dialysis. The timing of the pre-HD patient may be subject to three types of error. dialysis blood pressure measurement is therefore cruFirst is the error due to the measurement procedure cial. The initial arousal response can be minimized itself. We confirmed that same arm BP measurements using readings after a rest period. The mechanisms by Dinamap and the clinician are comparable though and prognostic significance of the white-coat effect are not necessarily identical [17] . The agreement between not fully understood [14] . The response occurs in mercury column and Dinamap determinations were within 10 mmHg in 90% systolic and 98% of diastolic about 20% of the general hypertensive population [21],
